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Abstract An efficient and simple method for the synthesis of biologically active 14-aryl-14H-dibenzo
[a,j]xanthenes has been achieved through a one-pot condensation of aryl aldehydes andβ-naphthol under
solvent-free conditions in the presence of Sulfonic acid functionalized silica (SiO2-Pr-SO3H), as an efficient
heterogeneous solid acid catalyst with excellent yields and short reaction time.
© 2011 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
The synthesis of xanthenes is important in organic synthesis
because of their wide range of biological and pharmaceutical
properties, such as agricultural bactericide activity [1], anti-
inflammatory [2] and antiviral activity [3]. They have also
been used for photodynamic therapy [4], used as dyes [5] and
fluorescent material for visualization of biomolecules [6] and in
laser technologies [7].
Many methods for the synthesis of xanthene derivatives
have been reported in the literature, including the reaction
of aryloxymagnesium halides with triethylorthoformate [8],
cyclodehydration [9], trapping of benzynes by phenols [10] and
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Open access under CC BY-NC-ND license.cyclocondensation between 2-hydroxy aromatic aldehydes and
2-tetralone [11].
However, many of these methods suffer from one or more
disadvantages, such as long reaction times, unsatisfactory
yields, harsh reaction conditions, the need for an excess of
reagents and catalysts, lack of easy availability or preparation
of the starting materials and the use of toxic organic solvents.
Therefore, it is important to develop more convenient methods
for the preparation of xanthene derivatives. Because of these
drawbacks, the synthesis of benzoxanthenes has been achieved
by the reaction of aldehydes with 2-naphthol by dehydration
in the presence of a catalyst, such as AcOH − H2SO4 [12], p-
TSA [13,14], sulfamic acid [15], molecular iodine [16], tungsten
heteropoly acid [17,18], silica sulfuric acid [19], amberlyst-
15 [20], wet cyanuric choloride [21], K5CoW12O40.3H2O [22],
acyclic acidic ionic liquids [23] and boric acid [24].
The increasing demand for clean and efficient chemical
reactions results in solvent-free reaction conditions, which are
of great current interest. Also, economic and environmental
concerns encourage the application of heterogeneous catalysts
to carry out various organic transformations. These catalysts
can conveniently be handled and removed from the reaction
mixture, making the experimental procedure simple and
ecofriendly. Therefore, performing an organic reaction using a
simple and efficient catalyst would be an ideal methodology,
if the catalyst shows high catalytic activity under solvent-
free conditions. Recently, sulfonic acid functionalized silica
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SiO2-Pr-SO3H.
Table 1: Solvent effect on the reaction of benzaldehyde and β-naphthol
catalyzed by SiO2-Pr-SO3H.
Entry Solvent Time (h) Yield (%)
1 EtOH 12 60
2 MeOH 12 75
3 MeCN 12 39
4 ClCH2CH2Cl 12 85
5 CHCl3 12 57
6 Solvent-free 35 min 97
(SiO2-Pr-SO3H), as a heterogeneous solid acid catalyst, has
been applied in the one pot synthesis of different biologically
active compounds [25–27]. In continuation of our studies on
the application of new acid catalysts in organic synthesis
[28–30] we had the opportunity to explore the catalytic activity
of SiO2-Pr-SO3H towards the synthesis of 14-aryl or alkyl-14H-
dibenzo[a,j]xanthenes under solvent free reaction conditions.2. Results and discussion
In this paper, the condensation of β-naphtol and various
aldehydes in the presence of a heterogeneous solid acid cata-
lyst of SiO2-Pr-SO3H for the preparation of 14-aryl or alkyl-14H-
dibenzo[a,j]xanthenes has been studied (Figure 1). We initially
investigated the catalytic activity of SiO2-Pr-SO3H in the syn-
thesis of benzoxanthenes under different reaction conditions.
The solvent effect in the condensation of benzaldehyde and
β-naphthol in the presence of sulfonic acid functionalized sil-
ica (SiO2-Pr-SO3H) as a model has been studied. As shown in
Table 1, among the tested solvents, such as ethanol, methanol,
CH3CN, 1,2-dichloroethane, CHCl3 and a solvent-free system,
the best result was obtained after 35 min under solvent-free
conditions in excellent yield (97%). Therefore, this reaction was
developed with other aldehydes, and the results are summa-
rized in Table 2. The time of reactionwaswithin 20-40min, and
high yields of 14-aryl or alkyl-14H-dibenzo[a,j]xanthenes were
obtained.
After completion of the reaction (monitored by TLC), the
crude product was dissolved in hot ethyl acetate, the heteroge-
neous solid catalystwas removed easily by simple filtration and,
after cooling of the filtrate, the pure crystals of products were
obtained. The acid catalyst can be reactivated by simple wash-
ing, subsequently, with a diluted acid solution, water and ace-
tone and then reused without noticeable loss of reactivity. The
new products were characterized by IR and NMR spectroscopy
data for new compounds. Melting points are comparedwith re-
ported values in literature.
The suggested mechanism for the SiO2-Pr-SO3H catalyzed
transformation is shown in Figure 2. Concerning the reactionFigure 2: Plausible mechanism.Table 2: SiO2-Pr-SO3H catalyzed the synthesis of 14-substituted-14H-dibenzo[a,j]xanthenes under solvent-free condition.
Entry Aldehyde Product Time (min) Yield (%) m.p. (°C) Ref.
1 Ph 3a 20 98 182-183 183 [31,32]
2 4-ClC6H4 3b 25 97 288–289 287-288 [31,33]
3 2, 4-Cl2C6H4 3c 30 98 254–255 253-255 [31]
4 2, 6-Cl2C6H4 3d 30 98 269–270 267-268 [34]
5 4-NO2C6H4 3e 40 98 311–312 311-312 [31,33]
6 3-NO2C6H4 3f 40 99 210–212 211 [31,33]
7 4-FC6H4 3g 20 99 239 238–239 [31,32]
8 3-CH3C6H4 3h 35 97 198 198 [35]
9 4-CH3C6H4 3i 35 97 227 221–228 [31,33]
10 3-OCH3C6H4 3j 30 98 174–176 –
11 4-OCH3C6H4 3k 30 98 204–205 204 [31]
12 4-OHC6H4 3l 35 97 139–141 140 [36]









SiO2 499 0.737 6.4
SiO2-Pr-SO3H 440 0.430 5.9
a The BET (Brunauer–Emmet–Teller) surface area.
b The average pore diameter was obtained by using the BJH (Barrett,
Joyner and Halenda) model.
mechanism, we suggest that, initially a carbocation be formed
and then aryl- or alkyl-methanebisnaphthols prepared, which
then undergo dehydration to give the final product.
Silica-based sulfonic acid, as an efficient heterogeneous
solid acid catalyst, can be prepared by simple operation from
commercially available cheap starting materials, such as sil-
ica. Acid sites can be incorporated into the silica surface
by both grafting and co-condensation methods [37–40]. At
first, the surface of the silica was functionalized and grafted
with (3-mercaptopropyl)trimethoxysilane (MPTS) and then the
thiol functionalities were oxidized into sulfonic acid groups
by hydrogen peroxide to obtain silica based sulfonic acid
(SiO2-Pr-SO3H) (Figure 3). The surface of the catalyst was an-
alyzed by different methods, such as TGA, BET and CHN, which
demonstrated that the organic groups (propyl sulfonic acid)
were immobilized into the pores [29].
The surface area (BET), pore volume and average pore diam-
eter (BJH) of SiO2-Pr-SO3H are 440 m2 g−1, 0.43 cm3 g−1 and
5.9 nm, respectively, which are smaller than SiO2 due to the im-
mobilization of organic groups (propyl sulfonic acid) into the
pores (Table 3).
The reaction of 4-chlorobenzaldehyde with β-naphthol has
been studied with several catalysts in literature (Table 4).
The present methodology offers several advantages, such as
excellent yields, a simple procedure, short reaction times, easy
synthesis, simple work-up and greener conditions, in contrast
with other existing methods.
3. Conclusion
In summary, a novel and highly efficientmethod for the syn-
thesis of 14-aryl-14H-dibenzo[a,j]xanthenes has been achieved
by the condensation reaction of twomol of 2-naphtholwith one
mol of aromatic aldehydes using the reusable and environmen-
tally benign sulfonic acid functionalized silica (SiO2-Pr-SO3H) as
a solid acid catalyst under solvent-free conditions. The attrac-
tive features of this protocol are simple procedure, short reac-
tion time, high yields, simple workup, reusability of the catalystFigure 3: Synthesis of sulfonic acid functionalized silica.
and non-chromatographic purification of products, i.e. simple
recrystallization from ethyl acetate. This approach could make
a valuable contribution to the existing processes in the field of
benzoxanthene synthesis.
4. Experimental section
IR spectrawere recorded fromKBr disks using a FT-IR Bruker
Tensor 27 instrument. Melting points were measured using the
capillary tube method with an electro thermal 9200 apparatus.
1H-NMR (250 MHz) was run on a Bruker DPX, 250 MHz
spectrometer. SiO2 was purchased from Merck, and its particle
size, surface area, and average pore diameter are, respectively,
2–5 mm, 499 m2/g and 6.4 nm.
4.1. Preparation of catalyst
Synthesis of 3-Mercaptopropylsilica (MPS) and its oxidation. To
20 g of SiO2 in dry toluene, 25 ml of (3-mercaptopropyl)
trimethoxysilane was added, and the reaction mixture was
heated at reflux for 24 h. After this period, the mixture was
filtered to obtain 3-mercaptopropylsilica (MPS), which was
washed with acetone and dried. 3-Mercaptopropylsilica (MPS)
was oxidized with H2O2 (excess) and one drop of H2SO4 in
methanol (20 ml) for 24 h at room temperature and then the
mixture was filtered and washed with H2O, and acetone to
obtain the SiO2-Pr-SO3H catalyst. The modified SiO2-Pr-SO3H
was dried and used as a solid acid catalyst in the organic
synthesis.
4.2. General procedure for the preparation of 14-aryl-14H-
dibenzo[a,j]xanthene derivates
At first, the catalyst (0.02 g) was activated in a vacuum at
100 °C and then after cooling to room temperature, a mixtureTable 4: Comparison of efficiency of various catalysts in synthesis of 14-aryl-14H-dibenzo[a,j]xanthenes.
Entry Catalyst Condition Time (h) Yield (%) Ref.
1 H2SO4 AcOH/80 °C 73 60–90 [12]
2 p-Toluene sulfunic acid ClCH2CH2Cl/reflux 15–24 83–95 [13]
3 p-Toluene sulfonic acid Solvent-free/125 °C 2.5–6 80–96 [13]
4 Sulfamic acid Solvent-free/125 °C 6–12 90–95 [15]
5 I2 Solvent-free/125 °C 2.5–5 82–95 [16]
6 Silica sulfuric acid Solvent-free/80 °C 15–120 min 80–96 [19]
7 Amberlyst-15 Solvent-free/125 °C 0.5–2 80–94 [20]
8 Yb(OTf)3 [BPy]BF4/110 °C 5–7 80–95 [41]
9 Alum Water/100 °C 3–4 82–91 [42]
10 NaHSO4 Solvent-free/90 °C 0.5–1 74–91 [43]
11 Cellulose sulfuric acid Solvent-free/110 °C 1.5–3 h 81–97 [44]
12 SiO2-Pr-SO3H Solvent-free/125 °C 20–40 min 97–99 This work
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and stirred in a flask. The mixture was heated at 125 °C for
an appropriate period of time, as mentioned in Table 1. After
completion of the reaction (monitored by TLC), the reaction
mixture was cooled to room temperature. The crude product
was heated in ethyl acetate, and the catalyst was removed by
filtration. The pure product was obtained by cooling of the
filtrate. Some of the products are known compounds. New
compounds were characterized by IR and NMR spectroscopy.
Their melting points are compared with reported values in
literature. The catalyst could be washed subsequently with a
diluted acid solution, water and then acetone. After drying, it
can be reused without a noticeable loss of reactivity.
4.3. Spectral data of some representative compounds
14-phenyl-14H-dibenzo[a,j]xanthene 3a: White solid, IR
(KBr, cm−1): νmax = 3074, 3020, 2924, 1623, 1590, 1512, 1454,
1400, 1251, 1077, 961, 826, 802, 742 cm−1; 1H NMR (250 MHz,
CDCl3): δ = 6.48 (s, 1H, CH), 6.97 (t , J = 7.5 Hz, 1H, ArH), 7.13
(t , J = 7.5 Hz, 2H, ArH), 7.39 (t , J = 7.5 Hz, 2H, ArH), 7.45–7.59
(m, 6H, ArH), 7.79 (t , J = 8.5 Hz, 4H, ArH), 8.40 (d, J = 8.5 Hz,
2H, ArH) ppm.
14-(3-nitrophenyl)-14H-dibenzo[a,j]xanthene 3f: Yellow solid,
IR (KBr, cm−1): νmax = 3076, 2925, 1592, 1527, 1431, 1435,
1252, 812, 747 cm−1; 1H NMR (250 MHz, CDCl3): δ = 6.59 (s,
1H, CH), 7.25–7.86 (m, 13H, ArH), 8.28 (d, J = 7.5 Hz, 2H, ArH),
8.41 (s, 1H, ArH) ppm.
14-(3-methylphenyl)-14H-dibenzo[a,j]xanthene3h:White solid,
IR (KBr, cm−1): νmax = 3018, 2921, 1623, 1591, 1512, 1457,
1400, 1249, 960, 806, 806, 743 cm−1; 1H NMR (250 MHz,
CDCl3): δ = 2.14 (s, 3H, CH3), 6.42 (s, 1H, CH), 6.76 (d, J =
7.5 Hz, 1H, ArH), 7.03 (t , J = 7.5 Hz, 1H, ArH), 7.22–7.40 (m,
4H, ArH), 7.44 (d, J = 8.75 Hz, 2H, ArH), 7.55 (t , J = 7.5 Hz, 2H,
ArH), 7.74 (t , J = 10 Hz, 4H, ArH), 8.36 (d, J = 7.5 Hz, 2H, ArH)
ppm.
14-(3-methoxylphenyl)-14H-dibenzo[a,j]xanthene 3j: Pale pink
solid, IR (KBr, cm−1): νmax = 3068, 3014, 2932, 1583, 1454,
1430, 1399, 1248, 1048, 961, 808, 743 cm−1; 1HNMR (250MHz,
CDCl3): δ = 3.61 (s, 3H, OCH3), 6.45 (s, 1H, CH), 6.51 (dd,
J = 7.5Hz, 2H, ArH), 7.01–7.47 (m, 6H, ArH), 7.55 (t , J = 7.5Hz,
2H, ArH), 7.78 (t , J = 7.5 Hz, 4H, ArH), 8.39 (d, J = 7.5 Hz, 2H,
ArH) ppm.
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